One of the more surprising discoveries in the sequences of Arabidajsi.c and rice has been that both are ancient polyploids, in the case of Arahidopsis involving at least two and perhaps three duplications of most of the genome. Ancient wholegenome duplication and subsequent loss of many of the duplicated gene copies appears to contribute substantially to deviations from co-linearity and/or synteny that are observed in many angiosperm lineages. The Brassica genomes are shaped not only by these ancient polyploidization events shared with Arahidopsis, but by 1-2 additional events in the diploid' Brassicas and the recent formation of new polyploid species. An important dimension in clarifying the evolutionary history of the Brassica genus is the better resolution of of the timing and consequences of polyploidizations since the Bra.ssica-Arabidopsi.c divergence. Early efforts to assess the predictive value of Arahidopsis data for determining fates of duplicated Brassica genes will be discussed.
INTRODUCTION
Domestication of most crops resulted in enhancement of a single plant part for use by humans. such as the seeds of seed/grain crops, the fruits of some trees, or the roots of some vegetable crops. The Brassica crops are a notable exception, including forms that have been selected for enlarged vegetative meristems at the apex (cabbages) or in the leaf axils (Brussels sprouts), lbrms with a proliferation of floral meristcms (broccoli) or aborted floral meristems (cauliflower), forms with swollen stems (kohlrabi, marrowstem kale), or orate leaf patterns (kales). This wide range of variation is especially surprising in that it is all found in freely-intererossing members of a single species, Brass/ca oleracea. Additional variation is found in close relatives such as the enlarged and twisted leaves of Pak-choi (B. rapa subsp. chinensis) and Chinese cabbage (B. rapa subsp. pekinensis) enlarged roots of turnip (B. rapa subsp. rapifL'ra); and high seed yields of oilseed B. rapa and B. na/ins.
Detailed elucidation of comparative genome structure and function of the three cultivated diploid Brassicas and morphotypes within these species, is• Lin exciting opportunity to leverage the Arahidops/.s sequence into new knowledge about the functions of specific genes affecting many agriculturally-important aspects of plant growth and development, and new understandin g of the causes of biological diversity. Brass/ca and Arabidopsis are thought to have shared common ancestry only 15-20 million years ago (Yang et al., 1999) , a much closer relationship than that among grasses such as rice and maize that are often thought of as primary beneficiaries of comparative genomic approaches .
The ability to cross divergent morphotypes to obtain progeny with normal transmission genetics adds an important dimension to our work, by using QTL mapping to determine numbers and locations of loci that control morphological divergence. While a few genes like the homologs of Arahidopsis mutants such as "CAULIFLOWER" play major roles in some Brassica morphologies (Kempin et al., 1995; Smith and King. 2000; Purugganan et al.. 2000) , it has long been known that these morphologies are under complex genetic control (e.g., Pease, 1926; Detjen et at., 1933 : Currence, 1934 : Yeager, 1943 . Some Brass/ca QTL map to locations that correspond to known Arabidopsis mutants -but many do not (e.g., Paterson, 2000b, 2001) . While Arabidosis information and tools are of high value for Brass/ca genomics, to think that we could rely largely on Arabic/apsis data to identify key Brassica genes would be to disregard the 15-20 million years of evolution that account for the remarkable diversity among and within
Brass ica species.

RESULT AND DISCUSSION
The recent confirmation (Blanc et at., 2000 : Paterson et al., 2000 AG1, 2000; Vision et al., 2000) of early hints (Kowalski et al.. 1994) that Arabic/apsis is an ancient polyploid has necessitated re-thinking the comparative approaches by which we approach the 'translation' of its genomic data to utilization in major crops. Crucial to appropriate genomic comparison is knowledge of whether any polyploidization events occurred before, or after, taxonomic divergence (Kellogg, 2003) ; we have described methods to determine this (Bowers et at., 2003; Chapman et al., 2004) .
Brass/ca researchers are somewhat more fortunate than those in other taxa seeking to benefit from the Arabic/apsis sequence, in that all three of the large-scale Arabic/apsis duplication events (Bowers ci al., 2003) occurred well before the Brassica-A rahi c/apsis divergence. Consequently, much of the 'diploidization' that has taken place since each of these three events is shared by Brass/ca, simplifying to some degree the alignments of the respective genomes and cross-utilization of genomic data.
However, there remain considerable gaps in our knowledge of the diversification of the Brassica lineage subsequently to its divergence from Arabidopsis. Of singular importance will be to investigate the consequences of large-scale, probably genome-wide duplication(s) that occurred in the Brassicci lineage (Fig. I) Further, at present we can only speculate about the exact antiquity of the duplication event(s), and have only rough estimates of the timing of divergence among the cultivated diploid Brassicas (e.g. Wroblewski et al., 2000) . Consequently, the relative duration for which the diploid Brassicas evolved together or independently after polyploid formation is unknown. In view of both rapid restructuring (e.g. Song et at., 1995; Pires et al., 2004a) and long-term diploidization processes (e.g. Bowers et al., 2003) that affect polyploid genomes, answers to these questions are essential to making sense of the comparative genome structure and function of the diploid Brassicas. If species divergence closely followed polyploidization, then most restructuring may have occurred independently in the three lineages, contributing to variation among the species. Virtually all gene probes hybridize to genomic DNA from each species, but we lack information about how frequently the species vary in copy number for particular genes.
The need for clarifying the timing of the genome structural changes in the lineage is complicated by the fact that the phylogeny of Brass/ca species is not straightforward because the genus Brass/ca (ca. 40 species) is not a monophyletic group and is intermingled with Diplotaxis. Erucasirum, !t#oricandia, Raphanu.s, Sinapis and other genera. While the tribe Brassieeae (ca. 50 genera, 240 species) is a well-defined monophyletic group based on morphological and molecular data, several subtribes and genera are in need of phylogenetic and taxonomic revision (Anderson andWarwick, 1999; Warwick and Black, 1991 . 1993 , 1997 Appel and Al-Shebaz, 2002: Koch et at., 2003) .
The promise of a finished sequence of Brass/ca rapa opens new doors into a wide range of questions regarding the structure, function and evolution of the Brass/ca genomes, but represents only a beginning. What is really needed to realize the potential learning opportunities that lie hidden in the Brass/ca genomes, and also provide intrinsic low-cost genetic solutions to the challenges that face Brass/ca crop producers worldwide, is representative sequences from each of the species in the genus. Technology will eventually bring this goal within reach, very probably within our generation. However, until the cost of sequencing the entire genome drops to a nominal level (and even then), genetically-anchored physical maps will be an important tool in the study of genomic diversity. Recent efforts in several countries to build and characterize bacterial artificial chromosome (BAC) libraries for a diverse sampling of Brass/ca species and morphotypes are of high value, and can he further enhanced by integration based on hybridization to large numbers of common DNA probes. in the short term, these physical maps will provide for localized genomic comparisons and the isolation of morphotype-specific alleles for a wide range of StLidies. in the long view, these maps may provide a foundation for sequencing of additional Brass/ ca species and morphotypes.
Genomie studies of other groups in the Brassicales order offer many additional learning opportunities. For example, physical mapping of a member of the Caricaceae, Car/ca papa ya (Liu et al.. 2004) promises new insights into the genetics of sex determination in plants. More generally, this work may shed light on the early stages of sex chromosome evolution that are not accessible in well-studied systems such as mammals (in which sex chromosomes are ancient). The Ilrassicales are likely to hold many other novelties to be uncovered by energetic and creative investigations. Our generation of scientists is indeed fortunate to be positioned to unravel the multi-million year histories of our subject laxa at the DNA level, and to reveal how these histories have influenced botanical diversity and agricultural productivity. While it is widely accepted that there have been at least one, perhaps two largescale chromosomal duplications in the Brassica lineage since its divergence from Arabidopsis, it remains uncertain when exactly these events have occurred in relation to the divergence of the diploid Brassica species from one another. Similarity in their genetic maps suggests that most if not all of these events predated the divergence of B. rapa and B. oleracea, however whether B. nigra shares one or both of these duplications or has undergone independent duplications remains unknown. More information about the relative duration for which the diploid Brassicas evolved together or independently after polyploid formation is important to better understanding of their comparative genomics and relating genomic differences to functional/morphological diversity in the genus.
